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TIpefcTaBieHB! METOWKA M aNrOPHTMBbI IA(POBOTO MOJENTUPOBAHMS TEPEXONHON XapaKTePUCTHKH
3D-06beKTa B OHONO3HIMOHHON cUcTeMe onTHYecKol nokauuu. [Tokaszano, YTo nepexofHas XapakTepu-
CTHKA CONEpPKUT MH(OPMAIMIO O SHEPreTHIECKUX CBONCTBaX Iiefieli, ee pasMepax u (opme. KoppekT-
HOCTh PaCYETHOTO METOfa HOATBEPXK/IEHA Ha OCHOBE CONOCTABJICHUS PE3YJIbTaTOB MATEMATAIECKOro 1

¢H3U4ECKOr0 MOJIETUPOBAHMS.

BBEJEHHE

B n1a3epHOii JTOKaLUH 715 OLEHKY OTPaXKaTeIbHbIX
CBOIICTB B JajIbHEH 30HE, KOTJ|a pa3sMephl MOMEPEYHO-
FO CEYeHMs] 30HAMPYIOILETO MyYKa IPEBBIIAIOT pas-
Mepbl 00BEKTA, IPUMEHSFOT MOHATHE I(EKTHBHOM
nnomanu paccestaust (OITP) uwenu. IIpoBeneHue Ha-
TYPHBIX H3MEPEHHUI YKa3aHHOM XapaKTePUCTUKA 3a-
METHOCTH JIJISl OTIENBHBIX [ieNeil faxe Mpu HeGOob-
IIOM YKCJIE CIIyJaeB X OPHUEHTAUMM OTHOCUTENIBHO
HaNpaBJIeHUs] BU3HPOBAHKs NPEJICTABISAET CO60M 10~
POrOCTOSIIIYIO, & B PAAfiE CIy4aeB TEXHNYECKN HE pe-
ana3yeMylo 3afady. B mocnegHee Bpemsi IIHPOKOE
pacnpoCTpaHEHHe MOJYYHIIM B32a¥MHO [OTONHAIO-
e Apyr Apyra MeToAbl (PU3HYECKOrO H MAaTEMaTH-
YEeCKOro MOJIEIMPOBAHMS OTPaXKaTeNbHbIX CBOWCTB
o6 bexToB. B nukie pa6ot Henoropuna [1, 2], Pona-
oHoBa [3, 4], Counnckoro [5], Teimkyna [6], Xonono-
Ba u llly6e! [7, 8] npefcTaBieHbl METOABI, aNllapaTy-
pa ¥ OGIIMPHbIE TEOPETHIECKUE U IKCIIEPIMEHTAb-
Hble Pe3yNbTaThl HUCCIENOBAaHUM POCTPAHCTBEHHO-
BPEMEHHBIX OTpPaXKaTEIbHbIX XapaKTePUCTHK Mac-
mTabHBIX MOJieel psifa KOCMUYECKHX, BO3AYIIHBIX
¥ Ha3eMHBIX LeJIed B ONTHYECKON JoKanuu. OgHako
ACCIEeA0BAaHME MMIIYJILCHBIX YCIOBHH OONy4eHHs B
1a60paTOPHBIX YCIOBUSX ABIAETCSA TAKXKE TEXHUYE-
CKH CIIOXKHBIM, TaK KaK MHTETPalIbHbI COCO0 H3Me-
peHust TpeGyeT yMEHbIUECHUs! JIUTSIALHOCTH 30HHU-
pyrowiero umiyibea nopsaaka 10...20 ne nponopuu-
OHaJbHO MacmTaly (OTOMETPUYECKON MOJENH
nopsiaka 1 : 100. ITpu nuddepernuanbHOM cnocode
TpeGyeTcsl U3MEpeHIe ABYMEPHOM (DYHKIMH SPKOC-
TH LI ¥ OTBEYAIOIEH €l MATPHILI BPEMEHHBIX 3a-
JlepKeK OTPaKEHHBIX HMIYJICOB C IOCIEAYIOIUM
UX NIEpecYeTOM Ha KOMIIBIOTEpE. YKa3aHHbIX HEJlo-
CTATKOB B 3HAUMTENILHON CTENIEHH JIMIIEHBI PacueT-
HbIE METO/IbI.

Hapsiny ¢ OTIP o6'beKTa B J1a3€pHOM JIOKAIWH JIst
OLIEHKH OTPAKAIOIIMX CBOKCTB LIENEH B laIbHEH 30-

HE HCTIONIL3YIOT MOHATHE NEPEXONHOM XapaKTepHc-
tukn nean (IIX). ITom nmepexonHOH XapaKTEPHCTH-
KOil OGBIYHO MOHUMAIOT CHIHAJ, OTPaXXEHHBIA 00b-
€KTOM IIp¥ ero OOJIy4YeHHH (PYHKIHUEHd BKIIOYCHHS
(byukumeit Xesucaiina). JTa XapaKTEpHCTHKa CO-
IEPXKUT WH(POPMAIUIO 00 3HEPreTHYECKUX CBOHACT-
Bax Ilelid, ec pa3Mepax ¥ popMe u MO3ITOMY BeCbMa
[OJEe3Ha NI PenieHus psija 3aJady 3aMETHOCTH M
KaccuuKayud 00 bEKTOB.

1. METOJUKA MATEMATUYECKOI'O
MOIOEJIMPOBAHHNS

B onTuyeckoM guana3oHe AIHH BOJH pacyeT CUr-
HaJla, OTPAKEHHOI'O LIEJBIO BBINMOJHACTCS, KaK Mpa-
BHJIO, METOJAME '€OMETPUYECKOH ONTUKH, IIOCKONb-
Ky MUHUMAaJbHbIE PaiiyChl KPUBU3HbI HOBEPXHOCTH
00bEKTa 3HAYUTENILHO NPEBBIMIAIOT [JIMHY BOJIHBI
ONTUYECKOrO M3NyYeHus. B 4aCTHOCTH, IPUMEHSIETCS
NPUHIAN CYIEPIO3UINM OTHOCHTENBHO MOTOKA JIy-
YHUCTOM HEPrHH MO MHOXKECTBY UG EPEHIMATBHO
MaJibIX YY4acTKOB NMOBEPXHOCTH Hend. [eomerpuuec-
Kas cXeMa OHOMNO3ULIMOHHOM JIOKalMH NPeACTaBie-
Ha Ha puc. 1. OpUeHTaLHIO HENEBOM CUCTEMbI KOOP-
puaat OX,Y,Z, Hayaio KOTOpO# COBMEMIEHO C YCIIOB-
HbIM HEHTpOM 00bekTa O, yIoOHO BHIOPATh TAKOH,
4yToOB! KOOpmuHaTHbIe Minockoctd X,0Y, X,0.Z, u
Z,0,Y, snsinuch INIOCKOCTAME TaHraxa, Kypca u Kpe-
Ha COOTBETCTBeHHO. JlyyeBasg cHCTeMa KOOPOMHAT
OXYZ, oce O X KOTOpO# HalpaBjieHa Ha NCTOYHUK,
MOXET OBITh IIOJIYYEHA U3 IeNIEBOM IIPHU €€ MOCIeNio-
BaTEIbLHBIX MIOBOPOTAX BOKPYT ocell Y, v Z, Ha yriibI O
(asuMyTanbHbli) 1 3 (MONSPHBIN), 3aKaoUIMe paKype
penn. VICTOYHMK ONITHYECKOro U3Iy4eHUs W IPUeM-
HUK COBMEIICHBI B TPOCTPAHCTBE M HAXONSTCS B TOY-
ke Oy. [Ipy HeKOTepEeHTHOM IIPUEME B MPUOIVKEHUY
ManbIX yrJIOB, Korga o0BbeKT o01ydyaeTcsi MOJHO-
CTBIO, @ €70 Pa3Mephl 3HAUUTENILHO MEHBIIIE PacCTO-
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Pue. 1. TeomeTpuyeckast cxeMa OHONO3ULHOHHOH JTOKAIMH.

SIHUS IO HCTOYHMKA U IPHEMHHUKa Ly, IepexofiHas xa-
pakTepucTHKa uMeeT Bup [2]

R R

h(t|o, B) = Ha(y,z)U )
-R-R

x L, (W|y, z) cosydydz,

Ly—x(y,2) y
¢ (1)

rne R — HauOONbIINA MONSAPHBIA paguyc IPOCKUKAA
1LieJIM Ha KapTHHHYIO IIocKocTh YO,Z; 3(y, z) — MHAHR-
KaTopHas (OYHKUHS, paBHas €OUHULE, €CIH TO4YKa
KapTHHHOH IJIOCKOCTH € KOOpAHMHATaMH (y, 7) NpH-
HAJJIEKUT MPOECKIMH LEIY, ¥ HYJIIO — B IPOTUBHOM
cny4ae; U(f) ~ BpeMeHHOM npodiiib PyHKIUM BKIFO-
yepusd: U() =0mnat< 0, Ut) =1 gnat = 0; x(y, 2) —
abcucca OGIYYEHHOTO 9JIEMEHTA MOBEPXHOCTH Iie-
1" dS = dydz/cos Y, IMEIOIIEro B KAPTHHHOM IIIOCKO-
CTH KOOpAUHATEI (¥, 2); Y — yTOJI NafcHAs N3TyIeHNs
Ha snemeHT dS; 5 (Yly, z) ~ K03 PUIUEHT IPKOCTH
a7ieMeHTa dS pH OTpaskKE€HUH Ha3ajl; ¢ — CKOPOCTh
cBeTa.

Iudposoe mopenuposanue II1X o6bvekTa ¢ mo-
MOINBLI0 BbIpaxkeHus (1) mpeamonaraeT Ha NEPBOM
aramne onpefelicHUE NapaMeTPOB KyCOYHO-aHAIUTH-
YecKOW MOJeNH TeOMETpHUUecKoro obpasa Lemndy,
npencTaBieHHol B pabore [9]. Mopens opuenTHpO-
BaHa Ha MOFPOOHOE OMHCAaHHE NPOCTPaHCTBEHHOMH
koH(purypanum o6vekta. Hanpumep, s annpokcu-
Malf# BHENIHEH TOBEPXHOCTH a3POKOCMHYECKOIO
kopabns “Cueiic Hlattn” (puc. 1) norpe6osanock 20
MIOCKOCTEN U 25 MOBEPXHOCTEll BTOPOro MOpPSAKa.
CoOTBeTCTBYIOIIAs. CHCTEMA T€OMETPHUIECKOr0 MO-
HenMpoBaHmsl 00eCNeynBaeT NpeoOpa3oOBaHUE reo-
MEeTpUYECKOro obpasa Leny B JIy4eByIO (IIOBEpHY-
TYI0) CHCTEMY KOOpJHHAT, CBSI3aHHYIO C Halpasble-
HueM Jokamum (o, ), U pacyer abcumcc TOUEK
06ay4yaeMoii TOBEPXHOCTU KaK OHO3HAYHOH (hyHK-
un x(y, Z), YIOBIETBOPSIOLICH YCIOBUIO cosY > 0.
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Ne 3

B oTsirune OT M3BECTHBIX CUCTEM IeOMETPHIECKO-
ro mopenuposannss (AUTOCAD, BECAD, CATIA,
Pro/ENINEER, 3D STUDIO MAX) nanaasi cuctema B
GoJypIIell CTENEeH! YIOBIETBOPACT ClEIU(PUICCKAM
TpeGOBaHMUsIM, NPENBIBIIEMBIM 3afadyaMu Ludpo-
BOTO MOJICJIMPOBAHMS ONITHYECKUX M PagHOIOKaNu-
OHHBIX I10JIel paccesTHUsI aHTPONOT€HHBIX OO BEKTOB.
Otu TpeGOBaHMUs CBA3aHbI, IPEXKIE BCErO, C OTPaHHU-
YEHHSIMH ONEPATHBHOMN NaMSITH, pe3epBUPYEMOIl IS
XpaHEHUS! TEOMETPHYECKOrO 00pa3a M BPEMEHHM €TI0
00paboTKM B COOTBETCTBUY C OCHOBHBLIMHU MPOLENY-
pamm OBICTPBIX TOHOJOTMYECKUX MpeoOpa3oBaHUL.
Kpowme toro, cucrema fonkHa (opMUpOBaTh yI00-
HbIll TeOMEeTpUYECKHA Gasuc Ui HACHTH(HKaLAN
MOJIOKEHNST JIOKANBHBIX O6JacTeil MHTEHCHBHOTO
paccesiHusI Ha TIOBEPXHOCTH IIENIM, a TaKXKe IeHepa-
I[M¥ aalITABHBIX CETOK YHCIICHHOTO HHTETPHPOBAHUS
WCTOYHMKOB NU(PaKUMOHHBIX IONEH paccesHus] Ha
ITIafKo# 9acT 0O BEKTA, €10 OCTPHIMU IPAHAMH H II€-
peOTpaxkaroUMMK BOTHYTHIMH CTPYKTYPaMU.

B cucreme peanuzoBaH cnoco0 KOHCTPYKTHBHO-
reoMeTpuyeckoro Mopenuposanus (KI'M) TBepnbix
TeJ, OCHOBAHHBIM HA KOHEYHOM MHOXECTBE HPHMHU-
THBOB U KOHCTPYKTOpE — OMHApHOM [IepEBE MOCTPO-
€HUS MOJIENY U3 IPUMUTHABOB C UCIIONB30BAaHUEM Te-
OpETHKO-MHOXECTBEHHbIX onepanuili. MHOXeCTBO
NPUMHUTHBOB BKJIIOUYAeT B ceOd 6a30BblE NPOCTPaH-
crBenHbie anmeMmeHThl (BIIJ) Tpex tunos. IlepBeie
mea tuna BIID — cyre yuactku miockocrei. Ilmoc-
kue BIID mepBoro Tuma orpaHHYEHBI BBINYKJILIMH
MHOTOYT'OJTBHUKAMH C YHACJIOM BEPIIHH HE Ooee ns-
i, Bropoit tun mnockux BITO BknrogaeT B KauecT-
BE OJHOW (MJIA TONBKO OHOM) U3 CTOPOH OTrpaHN4H-
BaIOLIETO KOHTYpa KpPUBYIO BTOPOro mopsifka. T'pe-
it Tan BIID - CcyTh y4YacTKM NOBEPXHOCTER
BTOPOTO TIOPSAKa, MPOESKIMHY KOTOPLIX HAa OJHY M3
KOOPAMHATHBIX INIOCKOCTEH CHCTEMBI I'TABHBIX OCEH
OTPaHUYEHBbI BBIMYKIBIMH UYEThIPEXYTrONbHUKAMH.
Kaxpgenii BIT3 Mopgenu MoXeT HaXOAUTHCI B OABYX
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COCTOSIHHSIX — PeallbHOM M 3KpaHUpyooweM. B mep-
BOM CIIy4ae 3JIEMEHT OIMCBIBAET AEUCTBHUTEJILHBIN
Y4YaCTOK IIOBEPXHOCTH LENU, BO BTOPOM HU3bIMAET
y4acTOK MOBEPXHOCTH, (POPMUPYH, TAKHM 00pa3oM,
Ha 00'hEKTE BbIEMKHU (OTBEPCTHSI) CIOKHOH KOH(pH-

rypanuy.

IMpunuyn rpaanyHoro npepcrasiaennd (I'TI) B cu-
CTeMe pealu30BaH B BHAE IBHOTO MATEMATHYECKOTO
omucanust MHOXecTBa BIT3 Mofenu, cBs3aHHBIX OT-
HOLIEHUSMH WHIUEHTHOCTH B ONIpENeNeHHbIA rpad
cmexuocth. ITepexon or KI'M u I'TI TpexmepHoro
06'beKTa OCYILECTBIISIETCS C HOMOINBIO OOBEKTHO-
OpUEHTHPOBAHHON OUOIHOTEKH TIE€OMETPUYECKOTO
MofenupoBanud. Ee mnpouenypel M IpOUEAypbl-
¢yHKIHY (HAalACAHHLIE Ha A3BIKE BLICOKOTO YPOBHS
C/C++ nnu FORTRAN) BEINONHSIIOT BCEe HEOOXOfE-
Mbl€ TOMoJiormyeckue mpeobGpasopanus Hapy BIIS.
B utore y paspaGoTymka HMMEETCS BO3MOXKHOCTD
NpOrpaMMHpPOBaTh F€OMETPUYECKYIO MOJENL €U
Ha I3bIKE BLICOKOT'O YPOBHS. Pe3ynbTaToM KOMNIUII-
¥, KOMIIOHOBKH U BBIIIOJTHEHHUS COOTBETCTBYIONIE-
ro OpPOrpaMMHOTO MORYJs SIBISETCS TEKCTOBBIM
¢aiin, popMaT 3amUcedl KOTOPOTO CORAEPKHUT MMapa-
MeTpsl Mofenu. IlomuMo GHOIHOTEKN TeOMeTpUYE-
CKOTrO MOJIENAPOBAHMS NPOrpPaMMHOE OOeCHEICHHE
CHCTEMBI BKITIOUAeT B ceOst HA0Op alNropuTMOB aHa-
JIn3a 3aTCHEHUII-MaCKAPOBKY TOYEK Ha IIOBEPXHOC-
™ O0LeKTa JTOKaluy, MOUCKa ¥ HACHTH(HKaNUK
MmapaMeTpOB reOMETPHYECKUX MECT B BUJIE AEIUCTBH-
TENbHBLIX peGep, BEPLIIMH U MHOTOTPAaHHBIX BOTHY-
TBHIX CTPYKTYP LIEJIH, a TAKKe €€ BA3YaIn3al|i C JI¥0-
Ooro Hamepeq 3agaHHoOro pakypca. ITociegaee nos-
BOJIIET pa3pabOTYMKy B MHTEPAKTHBHOM DEXHME
moGaBnaTh Wiy ypanaTtk bIID mopenu u KoppekTH-
poBaTh UX NapaMeTphI.

Bropoii aTan 1mu¢poBOro MOEIMPOBAHUS IIEPE-
XOTHO! XapaKTepPUCTHKH CBSI3aH C HEOOXONMMOCTBIO
aHAJIMTIYECKOTO ONUCAHUS MHAMKATPHC KOoa(hduim-
€HTOB SIPKOCTH IIOKPBITHHA 00'bEKTa B 3aJaHHOM CIIEK-
TPaJILHOM JAMana3oHe. DKCIEPUMEHTAIbHbIE H3MEDE-
Hust mokasanu [10-15], uyTo HanpaBneHHas COCTaBIA-
I0Iasi MHIAKATPHUCH] (POpMHUPYETCS B 3HAUUTEIBHON
CTENEHH 3a CYeT OTPasKECHWs WM3Iy4eHHUs! CIydJaiHo
OpHEHTHPOBAHHLIME 3€PKalbHBIMH MHKPOTDaHIMHU
[IEpPOXOBaTOi MOBEPXHOCTH MOKPBITHS, T.€. MOXKET
OBITH OnEcaHa Mofienblo byrepa. Paccesitnne usnydve-
HUSI B IPAIIOBEPXHOCTHOM CJIO€ MOKPBITHS YYUThIBA-
eTcs obGaBlicHHEM K HaTpaBieHHoH nuddy3HOH Co-
CTaBISIONIEH, HOTIMHSIOENCS 3aKoHy JlambGepTa.
Takas ABYXKOMIOHEHTHas MOfEeNb Koa(puuueHTa
SIPKOCTH BeCbMa yqo0OHa IIpX pacyeTax Ha KOMIIbIOTE-
pe. [l OqHONO3MIMOHHON JIOKAllMA OHA HMEET BHJL

C.(w)cosy = f(ylkg, kp)G(Y) + kpcosy;
kskr @)
1+ (kp— 1)cos2w,

f(ylkg kg) =

PAIVOTEXHUKA U IJIIEKTPOHUMKA

JIABYHEIL]

rae G(y) — QyHKOEs, YIATHIBAIOAs BIUSHUE 3aTe-
HEHUS JTy4a MEKPOTPaHsIMH IEPOX0BaTOM IOBEPXHO-
cti, Ee olleHKa, OCHOBaHHAs Ha PEIICHUU CIIELHANb-
HOW 3afjayMl TEOpUH BbIOPOCOB CIy4a#HBIX MPOIEC-
coB, nojiydeHa B pabore [16]; fAylky, kg) — dyHKIHA
pacnpefeneHus IIOMAACH MUKPOTpaHe, Clly4aiHo
OpPHEHTHPOBAHHBIX B IPOCTPaHCTBE. ITa (PYHKIHUS
annpoOKCUMIPOBaHA 3JUIUIICOUIOM BpAlllCHUs, CTE-
IEHB CKATHsI KOTOPOTO OTHOCHUTENBHO INIOOGAIBHOU
HOpMaJId K MOBEPXHOCTH YNPABISIETCS APaMETPOM
k. I1o KpuTEpHIO BEIYMCIUTENBHBIX 3aTPAT laHHAS
Mofelib 00Jiee 9KOHOMUYHA TI0 CPABHEHHUIO € IKCIIO-
HEHIMAJILHOH MOJENbIO, MPENJIOKECHHOR B paboTe
[17]; kg, kp, kg — YUCIOBBIE 3HAYECHHS MApPaMETPOB,
MPUBOSIIAE MOLIETH (2) B COOTBETCTBUE C 9KCIEPH-
MEHTOM.

3aKIIOYATENBHBIM 3TANIOM L(POBOrO MOMEN-
poBanus I1X gBnsieTCs YHCIEHHOE HHTETPUPOBAHHAE
o o6IydYeHHOH MoBepXHOCTH Henu. Mccneposanue
O00'bEKTOB JIOKALUH C 3¢PKaJbHbIMH NOKPLITHAMHA U
CIIOXKHON KoH(urypauuei, reomerpudeckue oopa-
3bI KOTOPBIX COIEep>KaT A0 COTHHU IIPOCTPAHCTBEHHBIX
3JIEMEHTOB, TIPUBOANUT K HEOOXOMMMOCTH IPHUMEHE-
HUS aJalTEUBHOTO KyOaTYpHOTO alrOpUTMa BBIYKC-
neHus BeIpaskeHus (1).

2. ATAIITUBHBIN KYBATYPHEIN
AJIITOPUTM

ITopsiaTerpanbHast yHkums B (1) 3aBHCUT OT
BpeMeHn. I103TOMY ceTKa HHTErpipOBaHUs B 00IIEM
cllydae TaKXKe 3aBHCHUT OT MOMEHTa BpEMEHH, s
KOTOPOT'O BBINONHSETCS pacueT 3HaueHus 11X o6b-
ekTa. OmHAKO y4eT yKa3aHHOW 3aBHCUMOCTH 3Ha4Yu-
TENBHO YCIOXHSET IPOUEAYPY YUCIEHHOI'O MHTEr-
pUpOBaHUs. AJIAaNTUBHYIO CETKY paljiOHaIbHO (op-
MHPOBATh JIsI NOLIHTETPAILHOIO BbIpaxeHus B (1),
cooTBeTcTByIOmero 3HayeHuto OIIP npu cranwmo-
HapHOM OOyuYeHNH 00 BEKTA:

Ao, B) = h(T|o, B) =

R R (3)
= J.J.S(y, )8 (y|y, 2)cosydydz,

-R-R

T.e. BEIMYMHE, PABHON IJIOI[Aj¥l PABHOMEPHO, TH(-
(y3HO u 6e3 NOTEPh OTPAXKAOLIETO IIUTA, YCTAHOB-
JIEHHOTO MEPNEHUKYISIPHO MAfalolieMy HOTOKY U
CO3JJAIOIIEro B TOUYKE NpUeMa B HallpaBJIeHAN O00paT-
HOTO OTPaKeHHs Ty K€ OOIyYeHHOCTh IPHEMHUKA,
YyTO U Uedb. B popmyne (3)

T =T(0,B) = 2{Xyuc(» 2) = Xu(»: D e (4)

— BbIPaXEHHDBIN B €IMHALIAX BPEMEHH, pa3Mep 00b-
eKTa ¢ (PUKCHPOBAHHOTO paKypca.

ApanTuBHas IPOLEAYPa UHTETPUPOBaHNs pealn-
30BaHa Ha OCHOBE paHee ONyOJIMKOBAaHHBIX METOIOB
[18]. DTa mpouenypa, nogobuo anropuT™My BapHOoKa,
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aBTOMATHYECKA BHIOMpAeT CETKYy HHTETPUPOBAHUSA
pasNuyHbIX Pa3Mepos, rpyOyio Tam, rae MOAbIHTETr-
panbHas pyrkums Ay, 2) = 0(y, 2)8(Wly, )cosy B BbIpa-
skenud (3) MeHsieTcsl ME[VIEHHO, i MENIKYIO B obnacTax
ee ObicTporo u3MeHenms. B mpomecce BLIYHUCIICHUI
KBajlpaTHas 00J1aCTh MHTETPUPOBAHNS, MIOYYCHHAS HA
Gonee paHHEM 3JTame BBIUMCIICHUM, JCINTCSI Ha 4e-
TBIPE PaBHBIE YACTHbIE OOIACTH. Korpa Ha 9acTHOHA
06JIaCTH JOCTUTAeTCs 3ajlaHHasi TOYHOCTh WHTErpu-
pOBaHmd, [ieleHue ITOH o6nacTd B JalbHEWIIEM HE
IPOU3BOAUTCS M BBINONHIETCA NMEPEXOf K CIEMyIo-
[meit yacTHoOM 06aacTy. SICHO, YTO PE3yNbTHPYIOIIEE
3HAYEHME HMHTErpajia MOXHO NpPEHCTaBUTh CyMMOH
3HAYEHNH HHTErPAJIOB 110 YACTHBIM 00JIaCTAM

A, A;
©) , Bi 0, Bi

+ = +
N 21 2 Y1 5

N
A=3a=Y [ & [ ro.2a.

i=1

i=1 Ly A
4"~ 2 v 2

0 0 . .
rue y§ ), zi ) _ KOOP/IMHATHI IEHTPA i-il YaCTHOU 00-

nacTi uHTErpupoBanus (puc. 2), A; — pasMep CTopo-
HbI 4ACTHOI 06AaCTH MHTErpupoBanus, N — Konuie-
CTBO YACTHBIX O0JIacTell HHTETPUPOBaHNA.

Wcnonb3ys KybatypHyto ¢opmyiny CAMIICOHa, O~
JIyYEHHYIO AByKPATHLIM NPUMEHEHHEM COOTBETCTBY-
FOIIeH KBaipaTypHOI (POPMYJIbI, BHIYUCTM npubnu-
eHre K HHTerpaly Ha 4acTHOH 00NacTH ABYyMs pas-
HBIMHE crioco6amm: ¢ marom A;/2 (puc. 2a) u ¢ marom
A,/4 (puc. 26). B nepBoM ciy4yae nojyIuM

A,2 1 1 .
Po=5 Y, X el

j=-1k=-1

141
4164 |5 6)
141

lesd =

@

13

=y +2jA/4,

@0 = O 4 2kA /4.

zZi

1

Bropoe, Goliee TOUHOE NPUOIMKEHNE K NHTErpa-
J1y, IIOIy4aeTCs JeJICHIEM YaCTHOU 001aCTH UHTEIPH-
pOBaHuUsI Ha YEThIPE YacTH H NPUMEHEHACM ¢opmybl
(6) K KaXKAO#i U3 MOTYICHHBIX o6nacreii (puc. 20)

1t A2 10 .
0- TS LTS oy

m=0n=0 j=-lk=-1
(2m-1+j) (7)

v = 3" +(2m -1+ A4,
2710 2 04 2n- 1+ k)A/4.
Tlepsas ¢opMysia HaiiieHa I OJHOTO JJIEMEHTAp-
HOTO y4yacTKa OGJIacTH MHTErPUPOBAHMs (PHC. 2a) 1
TpebyeT AeBSTH 3HAYCHNA HOJBIHTErpANbHON (hYHK-
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Puc. 2. PopMupoBaHHE afaNTUBHON CETKH HHTErPApPO-
BaHHS.

uug. Bropas OXBaTHIBA€T YeTHIpE 3JEMEHTApHBIX
yuacTka (puc. 26), 1 HEOGXOMMO BBIINOIHUTD 16
JONOJTHATENBHBIX BHIYMCICHAN MONBIHTETPATBHOTO
BBIPaXKEHHUSI 110 OTHOUIECHMIO K 3HAYEHUSM, peansy-
eMBbIM B IIepBOi POpMyJIe.

3. KPUTEPUU CXOOVUMOCTH AJITOPUTMA

CpaBHuBas JiBa NPUOIIKEHUS, MOXHO NOIYIATH
OLEHKY TOYHOCTH TpuGmuxeHus Q. Hycrs Ay, 2)
¥IMeeT NPOM3BOAHbIE, HENPEPbIBHBIE IO BTOPOTO TI0-
psifika BKIIOUMTENbHO. TOrAa, pacKiajbiBas NOJbIH-
TerpabHyio (PYHKIHMIO B IBYKPAaTHBIA PN Teiimopa

o 0
OTHOCHUTENBHO CEpEAuHbl YaCTHOH obacTa (yf ),

0
zﬁ )) M OrpaHWUMBAsChL UlEHAMH BTOPOTO TODSIKA,
TIONyYMM, 9TO HHTETPaJl A; IO YaCTHOM o0nacTy paBeH

A; = AP0, ) +

®)
A O 2O + i 24+
a IIpI/I6JII/I)KeHI/Ie K I/IHTCI‘paJIy CyTb
P, = A?f,-(ygo) ZSO)) +
©9)

+ A OO, Z) + D, T2+

W3 (8) u (9) cnepyeT, 4TO oum6Ka IepBoro NpuoIu-
KEHUs paBHA

Pi —_ Ai =
(10)
= —AH £ 2 + £, 2336 +

ITockonbKy npuonmxenue ¢; MOJTYIEHO HETHI-
PEXKpaTHbIM NPHMEHEHHEM (POPMYJIbI (6), ToO, HC-
none3yd (10), momydum

Bl N N g o) e
A0 = =2 ¥ S AL AT+

m=0n=0

m 2m-1) _(2n-1)
+fzz(yim ’Zin )}+‘-"

1n
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mae v "0 =y + @m—DAM, 27V = 20 + @n-
— 1)A;/4. TIpu pocTraTO4yHO IIajKoi BTOPOH MpOu3-
BOJHON MMEeEM

1 1

' 2m-1) _(2n-1) 2m-1) _(2n-1)
Y DAL a T e a T DY =
0

m=0n=

" 1t 0 0
=4{ 1,0, ) + fr >, 2.

Torga u3 (10) u (11) cnenyer, uro ommoka (Q; — A;)
Ooniee TOUHOro NMpUONIKEHNs (); CBA3aHa C Pa3HO-
cThio (P; — Q;) cootHomieHueM Q; — A; = (P; — Q,)/3.
ITockoneKky pe3ynbTHpYIONIee 3HaYeHMe HHTerpaia
IIPEACTABISAET COOOM CyMMy 3HadeHHH HHTErpajoB
IO 9aCTHBIM O0JIACTAM, TO OHIMOKA Ha YacTHOMH oba-
cTH OyieT NpUEMIIEMOI, €CITN BLIONHAETCS YCIOBUE

|P,— QI3 SAIE,/(4R%), (12)

rne E,q. — 3agaHHas aGconroTHas onmbKa WHTETPH-
poBaHusA 10 Bcell obnactu. B atom cnydae npubnu-
Kenre Q; MPUHUMAETCS B KAYeCTBE 3HAUCHUS HHTET-
pana A;. B npoTHBHOM ciy4yae 4acTHast 06JacTs pas-
OuBaeTCsd Ha YEThIPE YacTH U ONHCAaHHasl Ipoleaypa
MpUMEHSETCS TOCIEeJOBATEIbHO K KaXIOH YacTH.
ITpu 3TOM HCHONB3YIOTCS 3HAUEHUS HONBIHTETPalb-
HOH (PYHKIWH, paCCINTAHHBIE HA MPEHBITYIIEM 3Ta-
Tie BbIYUCIIEHUIA.

Kpurepnii (12) nocTuxkeHus 3afaHHON TOYHOCTH
HHTETPUPOBaHKsA OyYEH B NPEAIIONOXEHNN HeTpe-
PBIBHOCTH POM3BOIHAIX IEPBOT'O U BTOPOI'O NMOPSIK-
Ka oT uHTerpupymoii ¢pyskuuu. IlogslHTErpanbHOE
BbIpaxeHue B (3) [ CIOXHBIX F€OMETPHYECKHX
MOJIeJIEd, KaK IPaBWO, HE YAOBIETBOPSET ITOMY
TpeboBanuio. I[ToaToMy Ha rpaHuMIax pa3psiBa Ipo-
H3BOJHLIX CIENYET OTPAHAINBATH IIPOLECC AETCHUS
00JIacTH UHTEIPUPOBAHUS, YCTAHABIIMEBAA B aflalITHB-
HOH mporpamMMe HIDKHIOIO IDaHMIly IS pa3mepa A;
YJaCTHOU OGJIaCTH HHTETPHPOBAHUSL.

Ycnosue (12) ucnonb3yeT 3HaUEHUE [OMYCTAMOM
abCOMOTHON ONMOKY MHTETpUpoBanust E,q.. Ecnu 3a-
JaHa TPaHMOA 71 OTHOCHTENLHONW TOYHOCTH UHTET-
puposanus E,,, TO palltOHAJIBHO UCIIONB30BaTh KPH-
TepUil BUA

|Pi= Q13 S AJErs Qo+ Y (Q, - P,) t/(4R"), (13)
g=1

rje cyMMa B IpaBoOil YacTH MPeACTaBIAeT co0oil Te-
KYIIVIO OLEHKY MHTerpania, MOJyYCHHYIO Ha OCHOBE
OPEABINYIIUX BHIYACACHUA. JTa OLEHKA MOCTOSHHO
YTOYHSIETCS B IPOLIECCEe UHTETPAPOBAHUS.

ITockonbpKy HadanbHbIe OLEHKHU HHTerpana B (13)
SBJISIIOTCS OBOJIBHO IPyOBIMH, B afalTHBHON IpO-
rpaMMe ClIeflyeT IpefycMaTpuBaTh IPUHYUTENbHOE
JeleHue oOIacTH HHTETPHPOBaHHSA, OOECIedUBaro-
1ee HHTErPHUPOBAHUE C IIArOM, HE NPEBBLIMAIOMAM
3a/{laHHYyIO BEPXHIOIO rpanuny. IlpoBenennpie pacye-
ThI IOKA3AJIH, YTO KpuTepuii cxogumoctu (13) B page

PAIMOTEXHUKA U 3JIEKTPOHUKA

JIABYHEI]

Clly4aeB He 00eCHeYnBaeT HHTETPHPOBAHUE C 3afaH-
Ho# To4HOCTBIO. IToaToMy ycnosue (13) neaecoo6-
pa3sHO HOLONHUTHL KpuTepueM Bupa |P; — Q)3 <
< E,.xQ;, BEIpaBHABAIOIMM, B KOHEYHOM HTOTE, pac-
IIpefiesieHAe OIMOKH O 00/1aCTH HHTETPHPOBAHMSI.

4. OUEHUBAHUE IIEPEXOIHOU
XAPAKTEPUCTHUKH

ApanTuBHag NPONEAypa YUCICHHOIO HHTEIPHPO-
BaHUs BechMa 3¢dexTuBHa npu paciere 11X o6nex-
Ta, HOCKOJIbKY B aBTOMATHYECKOM peKUME O3BONSET
AACHTU(HUIMPOBATh Ha NMOBEPXHOCTH LENH JIOKAb-
Hble OOJIACTH MHTEHCHBHOTO OTpaxkemyd. IIpumeHe-
Hue popMyn umcieHHoro uHTerpuposanus (5)~7) k
(1), maer:

N 2 1 1 1 1
- A’
h(t|o, B) = me 2 2 2 ¢ Ux
i=1 m=0n=0j=-1k=-1
I @m-1+j) (2n-1+k)
X[t—Z 0 x(yt . » i )]X

2m-1+j) (2n-1+k)
Xf(yi > L )

B pa3paboTaHHOM NpPOIrpaMMHOM OOECIEYECHHH
AaHHas (popMyia NpUMEHANach K YaCTHBIM oOjac-
TSIM, NMOJYYEHHBIM IPH MHTEI'PUPOBAHUU (DYHKIUH
S, z), cooTBETCTBYIOIIEH CTAlMOHAPHBIM yCIOBHSIM
ob6nyyenns oorekta. lllar pacuera ITX mo Bpemenn
BbIOMpancs (pUKCHpOBaHHBIM H paBHbIM 4R/(500c),
4TO0 00€eCneYNBaIo pa3pelieHRe 10 JalbHOCTH (LENH
c rabapuramu 2R) passoe 2R/500.

IIX ob6pekTa cogepXut B cebe nHpopmanuto o6
SHEpPreTHYECKHX CBOHCTBax LM, ee pa3Mepax H
¢opMe. DHepreTHUECKHE CBOMCTBA OMMCHIBAET MPO-
ctpaHcTBeHHas fuarpamMma 1P nid yecnosnit cranu-
OHAapHOro OO0Ny4YeHHMs OOBEKTA, a UX KOJINYECTBEH-
Hasl OIIEHKa ollpefenseTcs BoipaxeHueM (3). Pasme-
pbl Held [ pa3iuydHbIX PaKypcoB OIpefensiet
IPOCTPaHCTBEHHAasl AuarpaMma, 3ajlaHHas BbIpaxe-
aueM (4). Takum o6pa3oMm, nHpopManuio o opme
obbeKTa cofepxkuT HopmuposanHas HX cinepyromie-
ro BHfA:

h(t|o, B)/A(0, B);
t/T(a, B).

h(t|o, B)

T

(14)

OTMeTHM, YTO KaK apTyMEHT T, Tak ¥ caMa (PyHKIHS
h(tlo, B) BapbUpyIOTCS B CTaHAAPTHOM MHTEpBaie [0,
1]. B ka4ecTBe IpEMeEpa Ha pUC. 3a IPEICTaBICHA MO-
menbHast Hopmuposannas I1X uerpedurens MUT-23
CO INTAaTHBLIM KaMy(pIHUpYOM#M JIAKOKPAaCOYHBIM HO-
KPBITHEM [J151 YCIOBHil o6nyyenust o = 16°; B = 16°.
C atoro pakypca ITIP o6bekTa A(0t, B) 1 ero pasmep
T(a, B) npurumaror 3Hauenus 1.883 M? u 88.32 Hc.
PucyHok 36, Ha KOTOpPOM NPHUBEACHO U300paXkeHue,
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CHHTE3WPOBAHHOE QM YKa3aHHOTO pakypca ILENd,
HO3BOJISIET JIYYlIe MHTEPNPETHPOBATH PACUETHBIE
JAHHBIE.

Wurerpan [Troamens oraocurensao ITX o6bekTa
1 30HAHPYIOUIETO UMITYJIbCa ig(f), 3aiaHHOM (pOPMBI U
KOHEYHO! [UIMTENLHOCTH f5, POPMHUPYET BPEMEHHOM
IPOGWIb UMITYJIbCA, OTPAsKEHHOTO ¢ 3aJJaHHOrO pa-
Kypca ig(fjo,, B). IIpn HecraunoHapHOM OGIyYeHHH
neny, Korua tg < 7(a, ), monyuum

Visaxe()
il B) = [ is(t-v)a{h(vie, B}, (15)
Vo (1)

I7le MHTErpaj MOHMMAaeTcad B cMbicie CTHIbTBECA
[19], a npenensl HETErpUPOBaHUSI BADLHPYIOTCS B 3a-
BHCUMOCTH OT 3HaY€HHS BPEMEHHOI'O OTCYETA

0 mna 0<r<1,

Viu(2) =
" t—tg mua tg<t<T(a, B) +tg;

t g 0<t<T(a, B),

VMaKC(t) = T(a, B) il g T((x, B) <t< T((xs B) + 5.

PesynbTaTel nudpoBoro MopgenupoBaHus HOKa-
3bIBAKOT (PHC. 3a), ITO NEPEXOJHAS XaPAKTEPUCTHKA
00BeKTa MPEJCTABISET COOO0I B OOILEM CITydae CyM-
My nBYx GyHKImi i (o, B) = he (o, B) + Ao (fos, B).
IlepBast npencraBasgeT coboi HempepouiBHYIO gud-
(epenumpyemyio koMnonenty. Ee npoussogHas no
BPEMEHH — CYTh UMIIyJILCHAS XapaKTEPUCTHKA 00h-
ekta dc(fla, B) = d{ hc (fa, B)}/dt, T.e. ero peaxmusa
Ha 30HIUPYIOUIMI UMITy]IbC B BUAE eNbTa-(DYHKIMM.
Bropas cocrapisiromas — CyTh HCKITFOYHTENBHO pas-
pBIBHAsT (PYHKUHMS, COCTOSIIAS M3 TIOCIEAOBATENLHO-

CTH YIIOPSINOYEHHBIX [0 BPEMEHH T(IS) (o, B)< Tés) (o,
B) < ... < Titupy (@, B) ckauxos A (o, B) TIX

N(o, B)

ho(t|o, B) = Y AP (0, BYU{ (2~ T (e, B))).

n=1

dusnyeckn Aff) (o, B) mpenpcrasnsger co6oit ITP

JIOKAJIbHOT'O YYaCTKa MHTEHCUBHOTO OTpaKeHus (0T
auria. Shield — muT) NoBepxXHOCTH LiENH, pacHoNo-

N
KEHHOT'O Ha OTHOCUTEIHLHOM yHaJICHAU ch, (o, B)/2

U1 3aJaHHOr0 paKypca (a., [3). HbIMK cTOBaMH, BbI-
paxenue (15) mpuobperaer Buj

Vake()

ix(t]o, B) = f de(v]o, B)is(t - v)dv +

V(2 (16)
N(a, B)
) . (S)
+ Y A (0, Big{t - T (o, B)1.
n=1
PAIJMOTEXHUKA U SJIEKTPOHUKA TomMm47 N3
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Puc. 3. HopmMupoBsaHHasi mepexofHas XapaKTepuCTHKa
(kpuBasi 1) ucrpeburens MUI'-23 (a) ¥ CUHTE3MPOBaH-
HOe H300paxenue ucrpeburens MUI-23 co mraTHBIM
Kamydisrkewm (6).

ScHo, yTO mpHU cTanMOHApHOM OGNyYEeHUH LU,
Korna tg = T(c, ), oOTpaskeHHbIi UMIYJIbC C TOYHOC-
ThIO 70 3Hayenus 1P coBnagaer ¢ 3o0HgUpyOIUM,

T.€. ig(tla, B) = A(a, B)ig(2).

5. IHTEI'PATBHBIM METO[I ,
AHAJIN3A OTPAXEHHBIX
NMITYJIBCOB

sIBHOEe BBIpaXeHHE I BPEMEHHOTO NPOGUIA
HAMITYJIbCa, OTPaXKEHHOTO OGBEKTOM JIOKAIMH C 3a-
IaHHOTO paKypca ix(7o, B), monyunM B cOOTBETCTBAN
¢ opmynamu (1), (16) 1 pUIBTPYIOUMM CBOHCTBOM
RenbTa-pyHKIHA

2002
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311P, MM

10+ -
(a)

JTABYHEL

(©)

| I, N I |
5 30 35 40 O

5 10 15 20

1 1 1 1 1 1 1 |
5 10 15 20 25 30 35 40 45 50

Bpewms x 0.1, He

Puc. 4. ivmynscasie DIIP kopa6ns “Cretic aTrn” gs nucdy3HOTO MOKPHITHS TIPH PA3NUIHBIX 3HAUCHUSX Ig: 20 (a), 50 (6),

160 (8) 1 200 Hc (7).
R R
in(tl0s B) = [ [ Fo(r 2)dydze+
-R-R
N(o, B)

+ Y AY (e, Bis{t - T, (o, )}

n=1

a7
fey,2) =

= {6(}7, Z)is{t_zlizc'(l’—zz}Ch(W|y’ Z)COSW] >

C

7l MHTETPHPYETCs PEryisipHasl 4acTh ABYMEPHOH
(hyHKIMK IPKOCTH, B KOTOPO# OTCYTCTBYIOT €€ CKa4-
ku. TTycTh 30HAMPYIOIMA HMIYJIEC KOHECYHOR AIH-
TENBHOCTH tg YOBIETBOPSET JOMOIHUTEILHOMY yC-

Ta6auma 1. Pe3ynsTaThl MOAETHPOBAHUA MMITYJIbCHOM
SI1P .

noBuro HopMupoBkY max{is ()} = 1. B aToM cny4ae
t

IpH CTAalHOHAPHOM OOJIy4eHHM LEeNH CIPaBeATNBO
paBencteo max{i (fla, B)} = A(o, Bymax{is ()} =
t t

=A(0, B). IHpIMA CIOBaMH, BPEMECHHBIE OTCYEThI
OTpaXXEHHOTO HMIIyJIbca ig(fjo, ) mMeroT pasMep-
HOCTH M2, 2 €70 aAMILIATY/1a (HauGOJIbIIee 3HAYECHHAE) —
cyrb DIIP. OTpakaTelbHyIO XapakTepucTuky (17)
IS YKa3aHHOTO MPABHUJIa HOPMAPOBKH Oy/IeM Ha3bl-
BaTb mMmmynbcHOW OIIP o6BekTa u 0003HAYaTh

A, (fo, B).

B kauecTBe mpuMmepa Ha PHC. 4 NPENCTaBICHBI
BpeMeHHbIe npoduan umnybcaoi JIIP aspokoc-
Mmuueckoro kopa6ins “Creiic IllaTTn”, o6ny4aemMoro
rayCCOBCKMMU HOPMMPOBaHHBIMU HUMIYJIbCAMU is(t)
pa3NEIHON [ATEBHOCTH fg B Hanpasienun o = 0%
B =11.25°. Cartoro pakypca IIIP st cTalldOHapHOTO
o6nyuerns A(0., ) npuHEMaeT 3HaueHde 32.585 M2,
MopenupoBanyie NPOBOJMIIOCH AJIsi THTIOTETAYECKO-
ro i y3HOro MOKPHITHSA ¢ KOI(DPHUIMESHTOM Npe-

t [Hc] 20 | 50 | 100 | 200 JOMIIeHHs 1, = 1.57 M mapaMeTpaMm MojieNu Koa¢-
A0 [0y 5.96 | 107 [13.636/17.833 cpuune}fra siproctH (2) kg = 0; kp = 0.93; kg = 0 — pnst
ts BepxHeii yactu Kopabns mkp=0; kp=0.2; kg = 0—pns
E o [%] 524 | 524 |4.926|4.926  ero wmkmueit yacTy. [yOMHA [eeHUs alalTHBHOA
Komuyectso CETKM MHTETPUPOBAHNUS JBYMEPHON (pyHKIMH IPKO-
BBIUMCHCHUH PyHKIHY 601 | 601 | 1497 | 1497  cTm Mo KOOpAMHATAM y M Z KAPTHMHHOU IIOCKOCTH
o6nacreit uarerpupoBanusi| 28 28 70| 70  3amaBanack paBHOU 4 u 5. Pe3ynpTaThl pacyeToB
PATTUOTEXHUKA Y SJIEKTPOHUKA  Tom 47 N3 2002
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(Makc)

Puc. 5. 3T1P kopa6ns “Cueiic lllattn” A ts
(6) u xpeHa (B).

(o, B) x 0.1 st auchhy3HOrO MOKPHITHS B TPEX INIOCKOCTSIX: TaHraxa (a), Kypca

QIIP, MM
32

28
24
20
16
12

8

4
0 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 ]
84
72
60
48
36
24
12

(a) (6)

rrrrrrrrrrrrrrri

(B) (r)

rT1rrvr 7T 7T T roT1
L I N I N N N N N N B BN N A |

1 1 i L 1 1 J 1 1 I 1 I I 1 ! J
0 5 10 15 20 25 30 35 4 0 5 10 15 20 25 30 35 40 45
Bpewms x 0.1, HC

Puc. 6. Imnynecuble SIIP kopabis “Creiic HlaTTn” ans “3epKanbHOro” MOKPBITAS IPU Pa3THYHbIX 3HadeHusIX fg: 20 (a), 50 (6),
100 () 1 200 Hc ().

ceeneHbl B Tab6n. 1. CoorBercrByromme cedenms (0° <o < 180° B =0°) u kpena (o = 90°; -90° < B <
HpOCTpaHCTBCHHOfI nuarpaMMabl PIMIIyJILCHOﬁ SIIP < 90°) pnst AIATEIBHOCTH 30H[UPYIOLIETO UMITYJIbCa
A" (0, B) x 107! aspokocmmdeckoro kopaGust mio- g =20 He (KpuBast /) M CTalOHAPHBIX YCIOBHI 06Ty-
ckocTssMu TaHraxa (o = 0°; ~180° < f < 180°), kypca  uyeHust (KpuBasi 2) IPENCTABIEHbI HA PUC. 5.

PAIVIOTEXHUKA U JJIEKTPOHUKA tom 47 Ne3 2002
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(€)) (6)

JIABYHEIL

(8)

v a « »
Puc. 7. SI1P kopabns “Cuetic lllaTTa: AE:‘ %) (o, B) x 0.1 yist “3epKanbHOrO” MOKPBITHS B TPEX MIOCKOCTAX: TaHraxa (a),

Kypca (6) u xpeHa (B).

3asucuMOCTh uMIylabcHON DIIP Kopabns or xa-
paxTepa paccestHHsl ONTHYECKOTO H3JTyYCHHsI €ro MOo-
KpBITHEM IIpecTaBIeHa Ha puc. 6a—6r. 31ech Kke Io-

KaszaHbl BpeMeHHble npodunn A, (fa, B) mns sipko

BBIPasKCHHOTI'O HaNPaBJIEHHO-PACCEMBAIOLIETO THIIO-
TeTHYECKOTro NOKpbITH U fg = 20; 50; 100 u 200 uc.
Hugukatprcsl Ko3(pUIHMEHTOB SPKOCTH 3aJaBa-
JIHCh B 3TOM ClIy4ae 3HAYSHUsIMU IapaMeTPOB kp = 8;
kp, = 0.83; kg = 0.02 — nn1s1 BepxHeit yacTu Uenu u kg =2;
kp=0.2; kg =0.02 — pna ee HikHed 9actu. CooTBET-
CTBYIOLIHIE CEYEHHs MPOCTPAHCTBEHHOM HArpaMmbl

mvmynbcHoit STTP A7 (at, B) x 107! o6bexTa moc-

KOCTSIMM TaHTaXa, Kypca i KpeHa NpeNCTaBIeHbl Ha
puc. 7. BUgHO, 4TO NpU OTPaXXE€HUM KOPOTKOTO HM-
yJibca OT NPOTSKEHHOM 1M €0 BPEMEHHOI IPOo-
(uiib CyIIECTBEHHO MCKaXaeTcsi. DTO MPUBOAHUT K
YMEHBUIEHUIO HAUOONBIIEro 3HAYEHUS UMITYJILCHOM
SIIP B 34 pa3a O CPAaBHEHUIO CO CTAIIHOHAPHBIMUI
ycnopusimu 00ay4deHus: oobekTa. Ilepexon ot nud-
(y3HBIX K HANpaBIEHHO-PACCEUBAIOILUM TTOKPBITH-
sIM yBeJInuMBacT Auana3oH usmenenus JI1P u ee Ha-
nbonbliee 3HaYeHne 6osee YeM B 2 pasa.

B psiie ciydaeB NOCTPOEHHUE MOJEINEH PealbHOTO
Bpemenn JIIP nenu panpoHadbHO OCYIIECTBIATh Ha
OCHOBE MHTErpalibHOrO METOJla aHaJIM3a MMITYJIbCOB
[20]. B 20l CBSA3M NPaKTHYECKHI HHTEPEC IPENCTAB-

nAeT WCIefoBaHne OGOOIEHHOH aMIUIUTYAB a, (O,

B) = vofv, i gmTenbrOCTH T, (0L, ) = V7V, IMITyIbC-

PAIMOTEXHUKA U SJIEKTPOHHKA

woit ATTP. 3reck v, = v,(0, B) = J’O’ (@B A7 (dlot, B)dt

(n = 1, 2) HavyanbHBIE MOMEHTHI 1-TO TIOPSIIKa OTpa-
KATENbHON XapaKTePUCTHKH. YIPOIIEHHE COCTOUT,
OYEBUJIHO, B 3aMEHE CIIOXHOT'O BPEMEHHOTO Ipodu-

s A,S (flo,, B) 9KBHBAJCHTHBIM NPAMOYTOJBHBIM C
amuTynoi a, (o, B) m pnurensHOCTHIO T, (C, B).
Kpurepnu 5KBUBAJICHTHOCTH OOECTIEYHBAIOT PABEH-
cTBO muomanei v, = a, (o, B)t, (0, B) n oneprui v, =
= a,zs (o, B)T, (0, B) peanbHOrO ¥ MOENLHOTO MM-
nynbcoB. IlepBblil KpUTEPHIl Ie1ecO00pa3Ho Tpef-

CTaBUTH B (hopMe

Vi = a,s((x, B)T,S(Ot, B) =

T(a, B+t ts

[ Ao Byt = A, B)fis(oyar,
0 0

yro6HOM Uit manpHedmero aHanusa. ClefcTBueM
9TOrO PaBEHCTBA ABJSIETCS NPEXe BCEro QyHKIMO-
HanbHas HeJIMHEHHAs 3aBUCUMOCTD —

Is

T, (0, B) = A(e, B [is(Ndrla, (0, B).  (18)
0

KOTOpasi NOKa3bIBAa€T, YTO MOCTPOECHUE MHTETpallb-
HOM MOJIENTN PEAIILHOTO BPeMEHH MMITyNbcHOU DITP
00'bEeKTAa JIOKALWN CBOJUTCA K UCCIIENOBAHUIO CTaTH-
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CTUYECKHX XAPAKTEPUCTHK CHCTEMBI J(BYX CIydail-
HbIX BemuuuH A(Q, B) u a, (o, B).

6. YCTAHOBKA ®N3NYECKOI'O
MOJE/INPOBAHWA

B onruueckoit siokanuy yCnoBEsl HanbHEH 30HBI
BBINONHAIOTCS 0 apaMeTpaM [IEPOXOBaTOCTH IIO-
kpeiTia nenu. Iloatomy jist hU3nIEcKOro MOReNH-
poBanust IIX 00BEeKTOB HEOOXOMMMO COOGIIOAATH
OpHHIMN Au(PaKIMOHHOTO Mogo0ust ToJiei, pacce-
SIHHBIX OOBEKTOM W €ro MaclITabHON MOMENBIO.
YxaszaHnHbli NpuHUUN oOyclOBNMBaeT TpeOGoBaHuUs,
IpeAbIBAsIeMble K ONTUYECKHM XapaKTEePUCTHKAM
MOJIEIMPYIOMIEN YCTAaHOBKH M MOJIEH Lelu. YcTa-
HOBKa JOJIKHAa 00eCeYnBaTh HICHTHYHOCTDH YIJIOB
0o0Nny4eHys: U MpUEMa 1O CPaBHEHUIO C JTOKATOPOM.
3To ycrnoBue XapakTepHo i guddepeHuansHOro
cnocoba usMmepenust 11X oOwexkra, mpu KOTOPOM
OCYIIECTBIISIETCA MOCIIEeOBATEILHO-TIApAJIIETLHOE
CKaHMPOBAaHHUE MOJIENH 00'BEKTA Y3KAM JIYIOM Jia3e-
pa. B ckammpymommux ycraHoBkax [3, 4], mocTpoeH-
HBIX 110 6e30a30B0i cXxeMe, HIMEET MECTO OIHOMO3H-
[OHOHHBIA MPHEM OTPaKEHHBIX CUIHAJOB B OIM3KHUX
K peanbHbIM allepTYPHOM YIJI€ U YIJIEe MO 3pEHMUS.
PacxopumocTh muarpaMMbl HanmpaBJIEHHOCTH HU3JY-
JaTeisi YCTaHOBKH OJIM3Ka K PACXOIUMOCTH JIOKATO-
pa. Bropoit xapakTepHOil ocobeHHOCThIO fuchde-
PEHIHMAILHOTO CHOco0a SBISIETCS HajJW4ue paBHO-
CHUTHaNBHOH 30HBI, T.€. TAKOTO ydYacTka B OOImen
o06nacty Noyel u3ydeHus 1 IprueM YCTaHOBKH, B KO-
TOPOM H3MepSEeMbIil CUTHAJ HHBAPHAHTEH K PACCTO-
STHAIO OT M3JIydaTessl u NPUEMHUKA IO TOYKY OTpa-
SKEHWISL.

TpeGoBaHuss K ONTHYECKHM XapaKTepHCTHKaM
MOJIEJH [ENH 3aKA0YAOTC B JOCTATOYHO HOAPOG-
HOM BOCIIPOH3BEJICHHM B MacluTabe Konuu o6 bekTa
JIOKalM{ U UMHUTALMA XapaKTEPUCTUK PACCETHUSI €TI0
HOKpBITUA. VI3BECTHO, 4TO Il (DOTOMETPHUECKUX
Mofenen neney, nMeromux audgysHeie U HanpapiieH-
HO-pacCceNBarOIIYe NOKPBITHS, YCIOBHS HATbHEH 30HbI
COCTOSIT B BHITTOJTHEHUH HepaBeHCTBa Y/0, 5 << 47, rhe
Y — YroJl HaficHusI H3ITy49eHNs Ha [UPPYPEHIHATBHO
MaJiblil y4acTOK MOREIH, a 05 — yrioBas mIHpHHA
MHIUKATPUChl KO3((HUIMEHTa SPKOCTH NOKPBITHS
NpPH OTPaXEHWH Ha3aj IO IOJOBHHHOMY YPOBHIO.
Onruyeckas cxeMa CKaHHPYIOLEH YCTAHOBKY TIpeN-
craBnieHa puc. 8. JIyd nazepa (/), nmpoijis TeIecKonm-
9YECKYIO HAcafKy 2, CIyXKallylo Ans (popMupoBaHuUs
HEeOOXONUMBIX IMPOCTPAHCTBEHHBIX XapaKTEPHCTHK
U3Ty4YeHHs, HalpaBIsieTCs 3epKaioM 3 Ha IUTOCKOTIIa-
paJllIeIbHYI0 CTEK/ISIHHYIO IIAcTHHY 4. OTa IUIacTH-
Ha SBJSIETCS CBETOMNENUTENIEM, HEOOXONUMBIM MJIs
co3faHus 0e36a30Boii onTU4eckoll cxemnul. 3myde-
HHe, IIpoLIefuice CBETOREIIUTENb, onagaeT Ha ¢o-
TOMETPUYECKYIO Mofenb Heiu. Yacth H3IydeHus,
pacCcessHHOTO OO'BEKTOM HCCIEIOBAHUS B HallpaBJe-
HHUM “Ha3aj’, OTpaXkaeTcsl OT IOBEPXHOCTH CBETOfE-
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Puc. 8. Onrnueckas cxeMa CKaHHPYIOLIEH YCTAHOBKH.

JNUTENS W NOMAafaeT HA NPUEMHbIA OOBEKTUB 5, B
(pokyce KOTOpOro pacmnoioxeHa puacgparMma oO.
IIpmeMHHUKOM HU3Iy4eHHss 7/ OCHOBHOI'O KaHajia CIIy-
SKUT (POTOYMHOXUTEND, TIepe]] KOTOPhIM YCTAHOBJIEH
uHTepdepeHIonHbl GunbTp 8. Jlasep ocHaieH
onopHbeIM KaHaioM. [locnepnnii obecrieynBaeT BO3-
MOXHOCTb TEKYIIEro KOHTPOJS HECTaOWJILHOCTH
MOILHOCTH 3OHAupYylolero u3nydeHus. B cocras
ONOpHOrC KaHalla BXOHST (pOTOAHON H YCHIIMTEID
MIEPEMEHHOr0 ToKa. [JIst BU3yainu3aluy Iydka Ioj-
CBETa HCIOJIB30BAJICs JIa3EPHBIH lallbHOMED 9, OIITH-
4YecKas OChb KOTOPOrO ¢ IOMOINBIO INIOCKOINapal-
NenpHOH miacTuHbl /0 coBMeInanachk ¢ ONTHYECKON
OCBIO OCHOBHOI'O H3Iy4YaTclIsd. Texunmueckue Xapak-
TEPUCTHKH ONTUYECKOH CKAHHPYIOLIEN YCTaHOBKH
TIPENCTABNEHbI B TA0M. 2.

7. POTOMETPUYECKAA MOJEIIb
OBBEKTA

B xadecTBe (hOTOMETPUIECKON MOAEIH LIETH ¥C-
CIIelOBaNiach KOMHUS a’3POKOCMHYECKOro KOpabiis
“Cneiic lllaTtTn”, BeIinoiHeHHAd B Maciitabe 1 : 100
(M =100) (puc. 9). YrnomepHOe yCTPOHCTBO 00ecIe-
YUBAJIO BO3MOXHOCTH IIOBOPOTa MOJENHN OTHOCHU-
TENBLHO HANpPABJIEHHs MOJICBETA Ha yIJbl TaHIaXa,
Kypca u kpeHa. lllTaTHble TENIO3alUTHBIE OKPHI-
T (T3II) Kopabnasd UMUTHPOBAIUCH JTAKOKpPAcod-

Ta6auna 2. Texaumdyeckne XapaKTEpUCTAKHA YCTaHOBKH

XapaKTepucTrKa 3HadeHne
MaxcumanbHBIl pasMep Kaapa, M 1.5x%x1
MakcuManbHOE YUCIIO 3JIEMEHTOB B Kafpe| 60 x 40
PacxomuMocTh M3NydeHus, pag 0.001
Arneprypa ny4a nasepa, M 0.15 x 1077
Yron nmpuema u3ny4eHus, paj 0.119 x 107!
Hayvano paBHOCHIHAJIBHOH 30HbBI, M 1.5
KoHnern paBHOCUTHAJIBHO 30HBI, M 3.585
JMHaMIYecKuil fuanasoHn u3Mepenni, nb 60
Nuana3zon k03HUIUEHTOR IPKOCTH 1073...107
TlorpemnocTs n3Mepenuit, % 7
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Taéaaua 3. OTpaxaTelbHbIE XapaKTEPUCTHKHA TTOKPBITAR
IToxpeiTHE Ao Gro 0¢.5, Tpan kg kp kg
llTaTHbIE
FRSI (ru6koe T3II) 0.89 0.92 >90 0.06 0.89 0.3946
LRSI (6enast muTKa) 0.94 0.95 >90 0 0.94 0
HRSI (uepnast IiuTKa) 0.225 0.31 >90 0.1 0.2 0.2373
RCC (yrnepon) 0.14 0.14 >90 0 0.14 0
OnTuyecKue aHanord
Dmaunb (Geas) 0.92 0.95 >90 0.92
Dmans (6enas) + (depHas) 0.20 0.20 >90 0 0.20 0

abiME nokpbiTisiva (JIKIT) ¢ onTuueckaMu CBOMCT-
BaMHF Ha JIMHE BOJIHbI 1.06 MKM, IOJOOHBIMY PEalb-
HeiM. Benad omanb Bocmpom3Bopuna ‘“‘Genblie”
mnutky 1 ruokoe T3IT o6bekTa (LRSI u FRSI B co-
OTBETCTBHH ¢ 0003HaYeHusIMHA padoThl [21]). Cmech
Ocioli M YepHON 3Majed HUMHUTHpOBajla Yriaepon
(RCC) u “gepnpie” wrutka (HRSI) TII3. B ta6n. 3
JUIs1 yKa3aHHbIX BbIIIE IOKPBITHA NPUBEICHbI 3HaYe-
HES HANpaBJEHHO-NOIyCdeprueckoro Koapguun-
€HTa OTpaXeHWst Ay Ha JuIHE BOJHbI 1.06 MKM; KO-
acunEenTa IPKOCTA IPH HOPMAJILHOM OOy YeHHH
Gio = Su(Oly, 2); yrima nonoBUHHOM APKOCTH 8y 5, 2 TAK-
Xe 3Ha4YEHNs apaMeTpPOB kg, kp, kg IByXKOMIIOHEHT-
Hol Mopienu (2), anmpOKCAMUPYIOLIeH HHIHUKATPUCY
K03 puImeHTa IPKOCTH NOKPBITHS PU OTPaKCHUH
Hazan. M3 Ta6munel eugaOo, uro JIKII pocraTo4dHO
XOPOILO BOCIPOU3BOAT XapaKTEPUCTHKH PacCesHus
ONTHYECKOTO M3JIydeHus Ha AIHUHE BOJHbI 1.06 MKM

|
|
H
§
14
i
|

Puc. 9. PoToMerpumueckas MoOfens Kopabms “Creiic
IllarTn” B MacmTate 1 : 100.

PAITUOTEXHUKA ¥ SJIEKTPOHUKA

mraTaeix TI13 Kopabist 1, KpOME TOTO, YIOBJIETBO-
PSIIOT YCITOBHIO JAJIbHEH 30HBI.

8. METOTMKA WU3MEPEHUI

B CcOOTBETCTBHM C TPUHLHIIOM JHDPaKIMOHHOTO
nofo0us Ha CKAHUPYIOINEH YCTAHOBKE NPOBONMIHCH
uccnegoBanus [TX TpaHCOOPTHOIO a3POKOCMUYECKOTO
xopa6uist “Creic IllaTTn” Ha muse BomHbI 1.06 MKM.

Ha nepBoM aTamne OCyLIECTBIIsIACh JUCKPETH3A-
M OTPaKAOMIeH IIOBEPXHOCTH IIEJIM W aHATN3 I'pa-
HHIb] TPOEKLUA (POTOMETPHIECKOH MOTIENH O0BeK-
Ta Ha KaPTHHHYIO IJIOCKOCTh., Bu3yanusauus rpanu-
[bl BLIIOMHSANIACH C MOMOMIBIO BUAUMOIO U3NTYUEHUS
nasepHOro fanbHoMmepa. IlyTeM mocimenoBaTenbHO-
NapajuIeIbHOrO CKAHMPOBAHMS JiydYa BHJVIMOTO W3-
Jyd4eHMss B JIEKapTOBOHM cHCTeMe KoopauHat YOZ
KapTHHHOM IUTOCKOCTH CYMTBHIBAINCH HOMEpa Haya-
Ja ¥ KOHL[A CTPOK 7 ¥ CTOJIONOB m fuddepeHImanb-
HO MaJIbIX YYacTKOB IOBEpXHOCTH Mofenu. [Ipoct-
PaHCTBEHHBII [T AUCKPETA3ALMH BbIOUPAJICS PaB-
HbIM [MaMeTpy TATHA OCHOBHOIO m3nydeHusi Dg =
= 0.025 M, a 3JIEMEHT pacTpa uMeln GopMy KBajipaTa
co cropoHoil Dg. B pesynbraTe MpeaBapUTENbHBIX
W3MEPEHN B IpejiesiaX Kajipa yCTaHOBKHU (popMUpO-
BAJIUCh MACCHBBI 8, = O,y Z) ¥ Xy = X(Vp» Z)- IEP-
BBIil MPEACTABISNT COOOM MHOXKECTBO JUCKPETHBIX
3HAYeHUH MHAMKATOPHOU (yHKIMK. Maccus x,,, cO-
JlepXai NUCKPETHbIE OTCYETHI aGCUUCC OTapXKaro-
mieil MOBEPXHOCTH AJsi (PHKCHPOBAHHOTO pakypca
o0'beKTa.

Ha BTOpOM 3Tane 3KCNEPUMEHTAILHBIX UCCIEO0-
BaHMI Ha IPEeABApUTENBHO IOJNYYEHHOM OPTOro-
HaJILHOM PAcTpe U3MEPSUIACh JUCKPETHBIE OTCUEThI
MBYMEPHON (PYHKIMH SPKOCTH MNP OTPaXKCHUH Ha-
381 G = GA(WomlYns Z)COS W,y FTIEMEHTOB IIOBEPXHO-
CTH MOJICJIM LIENIH B NpefieNiaxX ero NpoeKIrd Ha Kap-
THHHYIO IWIOCKOCTb. MI3MepeHus NpOBOAUIACE METO-
IOM CpaBHEHHsl C 3TaJIOHOM, B Ka4eCTBEe KOTOPOro
IpEMEHSIOCH MOJo4HOe crekiio MC-20 ¢ Hanpas-
neHno-nonycpepudeckuM K03 PUUUEHTOM OTpa-
KeHnsi Ha UIiHe BonHbl 1.06 MM p,, = 0.898. Ora-
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JIOH pacroiaraicd NpeneHuKyIsPHO HAPaBJICHAIO
MoACBETA.

Ilpu ckaHApOBaHMM Ha KpasX OOGBEKTa ISITHO
MOJCBET2 B HEKOTOPBIX CIy4yasiX HE BIHMCHIBAIOCh
DOJIHOCTLIO B TMPOEKLUHUI0 MofenHn. B pesynbrare
4aCcTh M3JIyYEHHsI paccenBallach NOIIOMIAIOIIUM K-
pPaHOM, PacHONOXKEHHBIM 32 OOBEKTOM HUCCIENOBA-
HUSI U 9TajJoHOM. BenmunHa (POHOBOrO OTpaxXEHUs
VI KaXJaoro MSITHA, PACHONIOXKEHHOIO HA TPaHHIE

HPOEKIMY IENH, — CYTh Uy { 1 — 4AS,,m/(1tD§ )}. Bnmech
Usep — 3HAUEHUE HANPSDKEHUs HA BbIXOMe poTomnpu-
€MHOI'0 YCTPOMCTBA, NPONOPIHOHAILHOIO SIPKOCTH
9KpaHa, OPUEHTHPOBAHHOTO NMEPHNEHAUKYISAPHO Ha-
[IPABJIEHAIO MOJCBETA ¥ OOIYIEHHOrO ISITHOM JHa-
metpa Dg; AS,,, — IIOIIab NONEPEYHOrO CEYECHUS
YyaCTH [IATHA, JeXalle B mpefeax MpoeKIMa MOfJe-
na#. B cOOTBETCTBUE C METOJOM CPaBHEHHS C 3TAlIO-
HOM SIDKOCTH TP OTpaXkKeHWM Hasap auddepennu-
aJLHO MAJIOro yYacTKa MOBEPXHOCTH MOJEIH C KO-
OopAMHATAMM B KapTUHHOH IUIOCKOCTH {Y,, Zn}
paccYHTHIBANACh 110 HOpMyTIE

(on)

pe"r T 4ASnm
Cam = Up = Usgp| 1 — ; (19)
m uaTu(oﬂ) nm 3Kp TCD§
(om) (om) o
rge #,, W™ u,, — 3HAUCHWA HaPAXKCHUU, IPOIIOP-

IHOHANLHBLIX MOITHOCTH OMOPHOTO KaHajla yCTaHOB-
KA TpY H3MEPEHUH SIPKOCTH 3TAllOHAa M TEKYILETO
3JIeMEHTa TIOBEPXHOCTH MOJENH; Uy, U U, — 3HAYE-
HHSI HAaNPSKEHMI, TPOMOPIHOHATBHBIX IPKOCTH 3Ta-
JIOHA | TEKYILETO 3JICMEHTa OBEPXHOCTH MOJIEIIH.

Ha 3aKkTI0YHTEILHOM 3Tale AByMepHas pyHKIus
SPKOCTH MOJIEJIH OG'bEKTa BOCCTAHABIMBAJIACH TIO €€
MUCKPETHBIM OoTcdeTaM. Ilomaras, 9To 1war guckpe-
tu3auua Dg JOCTaTOYHO MaJj il TOTO, YTOOBI IPO-
cTpaHCTBeHHbIH ciekTp Pypbe dynkuma G (yly,
Z)CosY ObLI OrpaHMYEH KBajipaTHO# O0IaCThIO CO
cropoHoii 21t/Dyg, criegysl AByMEPHOM T€OPEME OTCUE-
TOB [22], noay4um

G (yly, z)cosy =

= Y 8.nGumsincids(y —nDs) }sinc{ds(z - mDy)},

n,m

rae sinc(x) = sin(x)/x u dg = /Dy, a cymmupOBaHue
OCYILECTBIISIETCS IO 3JIEMEHTAM PacTpa B Mpefenax
Kajpa ycTaHOBKM. IHTerprpoBaHue IIOCIACIHETO BbI-
paxkeHust B COOTBETCTBHU C onpefienenusvu [1X 06b-
exrta (1) u ero SIIP npu cralmoHapHOM OOIy4YeHUU
(3) maet

hyon(t) = D5 BunGun ULt + 2%,mlc s

n,m

Avor = D5Y Bunm-

n,m
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Puc. 10. Hopmuposanssie I1X kopa6s “Cuefic IHaTtn’™:
pacyetHas (1) U 9KcHepUMEHTabHAs (2).

C ydyeTOM paBeHCTBa MacIITaOMpoOBaHHMsA A =
= MPA,,,, 1 BbIpaxerus (19) pacyeTHble ¢opmynl
OKOHYATEJIHHO IPHHUMAIOT CIESHAYIOIIUMA BU:

oce(1) = (MDY’ Ry 2 X
OII
4AS 2e | 0
Xzsnm nm ™~ SKp(l_ ;m) Uit- xr.zm 5
nDyg ¢
ex(c - (MDS) Ra’reaT
uOl’I
4AS,,. (206)
X zsnm nm 3Kp(1 - 2 )
D

3pech R,, = (u” Ju,,) — KoahpuImeHT NPUBSI3KY K
3TaJOHY, PaBHBIM OTHOLIEHUIO HATPSKEHWA ONOp-
HOT'O ¥ H3MEPHUTETHHOTO KAHAJIOB, YCPENHEHHOMY IO
HECKOIILKAM M3MEPEHUSAM SPKOCTH JTANOHA; Uy =

= (u") - 3HaueHMe BeNMUMHBI HATIPSKEHHS OTIOP-

HOT0 KaHajla, yCPCOHCHHOE O HECKOJIbKUM H3MEPE-
HUSM SIPKOCTH MOJAEHN o0'beKTA.

9. COIIOCTABIIEHHE PE3YJIbTATOB
MOJEJINPOBAHIS

B COOTBETCTBUH C U3TTOXKEHHON BBIIIE METORUKOM
Ha CKaHUPYIOLIEN YCTaHOBKe uccaegosanuch I1X aa-
pokocmuueckoro kopabng “Crneiic Ilarta” B mioc-
KOCTSIX TaHraxa u Kypca. Pe3ynpTaThl M3MepeHUi
BIIP, nepecuuTadnble 1no (opmyne (200) ¢ yueTom
MacmTabHoOro Koa¢duiuenTa s pealbHbIX pas-
MepoB 00beKTa, cBefieHbl B Tab. 4. Tam xe s co-
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Ta6muma 4. Pesynerars Mogenupoanns I1IP o6bekra

IInockocts Tarraxa (o = 0)

B, rpan Asgc, M? Apac, M? E, %
0 15.5 14.9 4
30 97 94.6 2.5
60 250 214 14.4
90 256 248 3.1
120 214 198 7.5
150 89 87.6 1.6
180 17 17.2 1.2
210 24 28 154
240 36 54 40
270 72 76 5.6
300 33 48 37
330 22 30 31
ITnockocTs kypea (B =0)
o, rpag Askcs M Apac, M2 E, %
0 15.2 14.9 1.7
30 42 54.1 25
60 93 103 10.2
90 138 134 29
120 100 102 2
150 59 42.3 33
180 17 17.2 - 1.2

TIOCTaBJIEHUs! IPUBEAEHBI 3HAYEHUS A, DTIP KOpaG-
71, TOJIyYeHHbIE PAcYEeTHBIM IyTeM. AHAU3 OTHO-

carenbHolt HeBs3KH E = 100%]|A . — Apac/ N A skeApac

PacUETHBIX M 9KCIEPUMEHTANIbHBIX 3HaYeHui JI1P
[ENM IIOKa3bIBAE€T YIOBICTBOPUTENLHOE COTIacue
METONIOB (PU3MYECKOTO ¥ MAaTEMaTHYECKOTO MOJEIH-
posanust DIIP aspoxkocmmueckoro kopabns “Creiic
IMaTtn” Ha pouee BoaH 1.06 mxM. Ha puc. 10 mpen-
CTaBJICHBI SKCIIEPUMEHTAIILHO U3MepeHHast (KpuBas 2)
u pacuetHast (/) HOpMUPOBaHHAsA EPEXO/IHAST XapaK-
tepuctika h(tla, B) (14) xopabng ans pakypca o6b-
exta 00 = 90° u 3 = 45°.

3AKJHOUYEHHE

B ciyyae HEKOT€pPEHTHOIO IIpHEMa aanTUBHBIC
ANTOPUTMBI YHCICHHOTO HHTETPUPOBAHMS MO 00Iy-
yaeMoM U BUAHMO# oBepXHOCTH 3D-00beKTa HieH-
TAQUUEAPYIOT JIOKANbHbIE OOJACTH HHTEHCUBHOI'O
OTpaKeHHsI ONTHYECKOTO U3IIYIEHHUS HA TIOBEPXHOC-
TH LENU C MAHMMAJIBLHBIMUA BBIYUCIUTENBHLIMA 3a-
tpaTamu. [lepexopgHasi XapakTEPHCTHKa aHTPOIIO-
FEHHOro OOBEKTA COREPXKUT HHGOPMALMIO O €ro

PAIIMOTEXHUKA 1 SINEKTPOHHKA

JIABYHEI]

9HEpreTHYECKUX CBOMCTBAX, pa3Mepax i gpopme. OT-
paXkeHre KOPOTKOTO MMITYJIbCA OT IPOTSKEHHOM 1e-
1Y MPUBOJHAT K YMEHBIIEHUIO HAMOONBUIETO 3HAYeC-
Hus umiyabeaoi DI1IP B 3—4 pasa mo cpaBHEHWIO CO
CTAIMOHAPHBIMU YCIOBUSIME 00Ty4eHHsi. XapakTep
paccesiHisE ONTHYECKOTO H3JIy4EHUs CYILIECTBEHHO
BIMSIET Ha OTpaxkaTenbHble cBolicTBa uenei. [lepe-
X0 oT g Y3HBIX K HallpaBJIeHHO-pacCeuBaIOLUM
NOKPBITHSM YBEIWYHMBAET [MANA30H HM3MCHECHHs
BI0P, a Takxe ee HauOONBIIEro 3Ha4YeHHs Ooiyee
yeM B 2 pas3a. DKCIECPUMEHTAIbHBIE UCCIECIOBAHNS
XapaKTEPUCTUK 3aMETHOCTH AHTPONOTEHHbIX 00b-
€KTOB CO CHOXHOU 3JEKTPOPU3MYECKOHR CTPYKTY-
poii 1 popMOli TOATBEPARIN KOPPEKTHOCTL BOCHPO-
W3BeJleHNs] UMATANMOHHOM U(pPOBON MOJIENEI0 Du-
3MYECKHX 3aKOHOMEPHOCTEH paccessHusl BOJH B
ONTHYECKOM [Uana30He crueKTpa. PesynbraThl nado-
PaTOPHBIX U3MEPEHHI Ha CKAaHUPYIOIEH YCTaHOBKE
IIX u ceuenmit ITIP doromeTprudecKkoil MOgENH a3~
pokocmuyeckoro kopadis “Cneiic lllarn” Ha gnuHe
BOJHBI 1.06 MKM IeMOHCTPHPYIOT XOpollee Coria-
cue ¢ pacuyeTHbIMU NaHHbIMH. OTHOCHTENbHAsE He-
BsI3Ka JIaHHbIX, YCPEAHEHHAs 10 pakypcaM O0beKTa
He npeBbicuna 7%.

CIINCOK JIUTEPATYPHI

1. Mamwun P.M., Mypmasun K.A., Henozooun U.A.,
Kypourxuna E.S. /| WUmuynncHas ¢oTtoMerpud. JL.:
Manmsocrpoenue, 1984. Bemn. 8. C. 29.

2. Henoeodurn H.A. /| Vimnynecras ¢otomerpra. JL.:
ManmunocTpoeHue, 1981. Bem. 7. C. 124.

3. Samarsky A.A., Rodionov 1.D., Knishnikov M.Yu., Pono-
maryov A.N. [/ Proc. the SPIE. 1993. V. 2107. P. 476.

4. Rodionov 1.D., Rodionov A.lL., Shilov 1.B. /[ Nuclear In-

struments and Methods in Physics Research. 2001.
A15043.V.471. Ne 1/2. P. 239.

5. Couunckuii B.I1. [/ OnTUKO-MeXaHHYECKAs IPOM-CTh.
1986. Ne 12. C. 4.

6. Towmrya JI.B., ly6a 10.A. /| OnTHKO-MEXaHAIECKAS
npom-ctb. 1978. Ne 11. C. 11.

7. Xoaonos I''K. /[ OntuKko-MexaHWJYecKasl IPOM-CTE.
1982. \e3.C. 7.

8. Xoaonos K., Hly6a 10.A. [/ NMmynbcHas hoToMe-
tups. J1.: MammuocTpoenue, 1984, Beimn. 8. C. 26.

9. Jlabyney JI.B., Mycvaxos M.I1. u op. [/ CipaBo4HO-HH-
¢opManuoHHBIN OOJIETEHL 00 aJropuTMax M mpo-
rpammax CATIP. Mudopmarmonnsiii dony OPAIL
CAIIP Munncrepersa MammHOCTpoeHms. M.: 1988.
Buin. 36. ITporpamma Ne 17208 CTY.

10. I'ypesus M.M., Cepedenxo M.M. [/ OnTHKO-MeXaHu-
geckasi mpoM-cThb. 1975. Ne 2. C. 31.

11. Masypenxo M.M., Cxpeaun AJL, Tonopey A.C. /]
OnTHKo-MexaHmdecKasi npoM-ctb. 1977. Ne 6. C. 26.

12. Henozo00un H.A., Maavuorox K.HU., Tuparos [1.T.,
Hesszopos B.A. [/ ONTHKO-MEXaHUY€ECKasl IPOM-CTb.
1984. Ne 3. C. 19.

Tom 47 Ne 3 2002



13.

14.

15.

16.
17.

5 PAJVUOTEXHUKA 1 DJIEKTPOHHUKA

MATEMATHUYECKOE U ®U3NYECKOE MOJEJIMPOBAHMNE

Tonopey A.C. [loknapg 1o ony6i. paGoTaM, OpefcTa-
BJIEHHBI Ha COWCKAHWE YYEHOU CTENEHH HOKTOpa
¢us.-mar. Hayk. JI.: TOH, 1970. 54 c.

Tonopey A.C. /| OnTuxo-MexaHHYeCKas NPOM-CTh.
1979. Ne 1. C. 34.

Torrance K.E., Sparrow E.M., Birkebak R.C. [[ JOSA.
1966. V. 56. Ne 7. P. 916.

Jabyney JI.B. [/ PD.2001. T. 46. Ne 4. C. 464.

Torrance K.E., Sparrow EM. [ JOSA. 1967. V. 57.
Ne 9. P. 1105.

ToM 47

Ne 3

18

19.
20.
21

22.

321

. Forsythe G.E., Malcolm M.A., Moler C.B. Computer

Methods for Mathematical Computations. New York:
Prentice Hall. 1977.

Taueernko B.U. ViaTerpan Ctunbrheca. M.—JL.: TOH-
TH, 1936.

I'pasnos M.H. VIHTerpanbHblil METON H3MEPEHUS HM-
nynscoB. M.: Cos. paauo, 1975.

Cooper P.A., Holloway P.F. [/ Astronautics, Aeronau-
tics. 1981. V. 19. No 1. P. 24.

Dudgeon D .E., Mersereau R.M. Multidimensional Digi-
tal Signal Processing. New York: Prentice Hall, 1984.

2002



